PATENT SPECIFICATION 

DRAWINGS ATTACHED 




1.052.118 



Date of Application and ftUng Complete Specipcatton : March 24, t9&4. 

No, 12470164, 

Application made in japan {No, 16600) on March 30, 1963, 
Complete Sptdfication Published: Oec. 21, 1966, 
@ Crown Copyright 1966. 



Index at acccptence:-C2 C(1Q1A, IQIB, 1Q6A1, 1Q8C, IQllB. IQllE); Bl L5A; CI ABID 



Int. a. : — C 07 c 17/38//B 01 d, C 01 b 

COMPLETE SPECIFICATION 

A Method for Separating Hydrogen Fluoride in the 
Production of Fluorine-containing Halogenated Hydrocarbon 



Wc, Datkin Kogyq Co.j Ltd.j a corpwa- 
tioR organised under the laws of Japan, of 
Shinhankyu Building, 8 Umeda, Kita.-ku, 
Osalca, Japan, do hereby declare the inveaiion, 

5 for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by *e followiiig statement: — 
This inventicm relates to a method for separ- 

10 atang hydrogen fluoride from a gaseous mix- 
ture produced by Buorlnadng a halogenated 
hydrocarbon with hydrogen fluoride. 

Fluorine-containing hydrocarbons such as 
dichlorofluoromethanc and monochlorodifiuoro- 

15 methane are usually produced from the cor- 
responding chlorinated hydrocarbOTn by reac- 
tion widi hydrogen fluoride in the presence 
of a suital^ catalyst; the resulting gas con- 
tains unneacted hydrogen fluoride and various 

20 fluorinated hydrocarbon byproducts besides 
the required fluorinated hydrocarbon product, 
hydrogen chloride and a small amount of the 
unrcacted halogenated hydrocarbon suirting 
material. The separation and purification- of 

25 the fluorinated product has been performed 
either by a n:iediod which involves cooliiig 
the gas mtaure to a temperature bdow the 
boiHng points of the various halogenated 
hydrocarbon components of the mixtui^ to 

30 liquify than, followed, if necessary, by recti- 
fication, or by a method which entails remov- 
ing the hydrogen chloride and hydrogen 
fluoride by washing with water or alkaline 
liquor followed by rectificatioj) of the halo- 

35 genated hydrocarbons. 

In die fonner recdfication method^ whoi 
the boiHng point of ±e fluorinated produce is 
close to that of hydrogen chloride or hydrogMi 
fluoride, complicated distillation apparatus is 

40 necessary and hence it is diflScult in some cases 
to put this method into practice. In the latter 
wadiing mcdiod, the halogenated hydrocarbon 
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components of the mixture are insoluble in 
water but since bodi hydrogen drioride and 
hydrogen fluoride aie soluHe in water, it is 
necEssaty to separate both from aqueous solu- 
tion. For this purpose slaked lime, borax or 
the like is added to change the hydrogw 
flxioridc to insoluble fluoride leaving hydro- 
diloric acid solution, and it is necesary to 
regenerate hydrpgen fluoride from insoluble 
fluoride and to concoitrate the hydrochloric 
add to <*tain hydrogen chloride. These pro- 
cedures are unexpectedly trouWesome aiid 
require much equipment and accoidingly this 55 
method is not commercially efficient. 

The objea of the present invention is to 
piwide a metiiod for separating hydrogen 
fluoride from sodi gaseous mixtures which 
docs not have the atovc drawbacks of these 
conventional methods. 

According to the present invention there is 
provided a method for sq»mting unreacted 
hydrogen fluoride from a gaseous mixture pro- 
duced by fluorinating a. halogenated hydro- 
carbon containing at least <me halogen other 
than fluorine with hydrogen fluoride, the 
method comprising ccmtacting the gaseous 
mixture with aqueous sulphuric acid of at 
least 70 wt. % (based on the total weight of 
acid-hwater) concentration to selectively 
absorb the hydrogen fluoride. The effluent 
gas may be washed with water so as to reawer 
the hydrogen chloride bromide and/ox iodida 
The temperature of tfie sulphuric add em- 
ployed is preferably below roosn len^ierature, 
and most preferably below 19® C The 
waste sulphuric acid after the above treatment 
may be used for the manufacture of hydrogen 
fluoride by reacting it with fluorspar or by 
heating it to strip off hydrogen fluoride for 
re-use. 

When the sulphuric acid with its absorbed 
hydrogen fluoride is reaaed with fluorspar. 
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the absorbed hydrogen fluoride together with 
that nev/Iy generated can be recovered by a 
stripping operation as a pure product useful 
for fluorination of halogenated hydrocarbons. 
In the present mctlicd, sulphuric add 
absorbs hydrogen fluoride extremely well, 
namely 1 kg of 9S per cent (by weight) 
sulphuric add dissolves 0.75 kg of hydrogen 
fluoride at a temperature of 20^ C. whereas 
it hardly dissolves the other hydrogen halide 
or haijdcs. As no water is produced in the 
fluGTination reaction, the above-mentioned 
coijc. sulphuric acid is nor as a rule diluted 
and accordingly it can be used for a long 
time* Since ^e boiling point of hydrogen 
fluoride is about 19° C, the lower the tem- 
perature of sulj^iuric add employed the better 
is die solubility of hydrogen fluoride therein. 
Hcnvever as the concentradon of sulphuric add 
20 gets lower, it tends to dissolve more hydrogen 
chloride, bromide and iodide and becomes 
inadequate for fulfilling the object of the 
invention. Accordingly 70 per cent by wei^t 
is tiie lowest limit of concentration of sulphuric 
25 add useful in the present invention. It is 
preferable to use an acid of concentration 
grcftter than 98 per cent by wdght. Sulphuric 
add of a concentration of 70 wt. % may 
also be defined as a mixture of sulphuric an- 
30 hydride and water containing 57 wt^ % of 
SO,. 

The efiFectiveness of HsSOj in absorbing 
HF according to the invention is illustrated 
in the accompanjdng drawings in which: 

Figure 1 is a diagram showing the liquid- 
gas equilibrium of hydrogen fluoride at room 
temperature between a gaseous mmure 
and cone sulphuric add> the composi- 
rion of the gaseous mixture being 
monocblorodifluoromethane 

=j- (mol ratio), 

HCl 

the concentration of hydrogen fluoride is 



expressed in wdght percent It will be seen 
that the HF is preferenrially absorbed into 
the acid^ 

Figure 2 shows the result of an experiment 45 
in which cone, sulphuric add at room tem- 
perature is sprayed from the top of a tower 
countercurrent to an ascending mixture of HF 
gas with a gaseous mixture of the composi- 
tion given for Figure 1. The ordinate in this 50 
figure indicates the coacentrarion of hydrogen 
fluoride (percentage by weight) in the solu- 
tion obtained when the gas issuing frcsn the 
top of the tower is introduced into water 
and made into 33 per cent (1^ weight) hydro- 55 
chloric add. 

The following Rcample of the method 
according to the invention is given by way 
of illustration only. 
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A gaseous mixture generated in the pro- 
duction of monochlorodifluoromethane from 
dUorofoxxn and hydrogen fluoride was intro- 
duced into the bottm of a tower from the 
top of which 98 per cent (by weight ) cone 
sulphuric add at room temperature was 
sprayed. The gaseous mixture ascended the 
tower and the gas issuing from the top of 
the tower was passed through an entrainment 
separator and then washed with water to dis- 
solve hydrogen chloride. Subsequently the 
gas was cooled to a temperature of 6^ Q 
at a pressure of 6 kg/cm-> and the main pro- 
dua CHCIFs, various byproduct halogenated 
hydrocarbons such as dichioromonofluoto- 75 
methane and trifluoromethane and unreacted 
chloroform were separated by liquificanon. The 
cona sulphuric add drawn from the bottom 
of the tower was heated to a temperature of 
120^ C to remove ateorbed HF and recycled 80 
to the top of the above-mentioned tower. The 
result of operation is as follows: 
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Velocity of gas introduced at the bottom 
♦Composition of gas introduced at the 
bottom 
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Amount of 9%% cone, sulphuric acid passed 
from the top 

Amoimi of hydrogen fluoride absorbed 
Hydrogen fluoride recovered by srriH)ing 
Amount of hydrogen fluoride in the purified 



gas 



4J kgmol/hr. 
CHClFs 52.2% 
by weight 
HCl 44.0% 
by weight 
HF 3.8% 
by weight 
150 kg/hr. 

8.2 kg/hr- 
7.8 kg/hr. 
0,09% 
by weight 



*The total amount of dichloromonofluwomethane, tri- 
fluoromethane and other components is less than 0.1 wt. %. 



The present invention can also be applied methane is produced from carbon tetradiloride 

effectively, for example, in the purification and hydrogen fluoride, and when trichloro- 

100 of the exhaust gas obtained when trichloro- trifluorocthane (usually accompanied by di- 

monofluoromeihane and/or dichiorodifluoro- chlorotetrafluorocthanc and/or monoraloro- 105 
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pentafluoroethane) is produced from tetra- 
chlaroethylcne> chlorine and hydrogen fluoride. 

WHAT WE CLAIM IS: — 

.1. A mesliod for sepaiating unreacted hydro- 

5 gad fluoride from a gaseous miKture produced 
by fluorinadng a halogenated hyarocarbon 
coaitaining at least one halogen other than 
iiu(»ine widi hydrogen fluoride, the mediod 
conqsrising contactiug the gaseous mixture with 

10 aqueous ^piiuric acid of at least 70 wt. % 
concentration to selectively absorb the 
hydrogen fluoride. 

2. A method aocoitliug to Claim ly wherein 
the ten^erature of the sulpburic add Is below 

15 room tcmpeiature. 

3. A m^od according to Claim 2> wherein 
die temperature of the sulpiuidc add is below 

4. A method according to any of Claims 
20 1 to 3, wherein the sulphuric add is sprayed 

countercurrent to an ascending stream of the 
gaseous mixture. 

5. A method according to any oft Oaims 1 
to 4 for the purificadon of a gaseous mixture 

25 obtained by the fluorination with hydrogen 
fluoride of a chlorine-contaihiDg halogenated 
hydrocarbon, the method comprising contact- 
ing the gaseous mixture with aqueous sul- 
phuric acid of at least 70 wt. % concentrsL- 

30 don to selectively absorb die unreacted hydro- 



gent fluoride and thereafter washing the re- 
maining gases with water to remove hydrpgen 
ddorldc. 

6. A method according to any of Ckuns 
1 to 6» wherein the sulphuric acid contacted 
with the gaseous miscture is reaaed with fluor- 
spar to free the absorbed hydrogen fluoride 
and to generate fresh hydrogen fluoride. 

7. A method according to any of Qaims 
1 to 5, wherein the sulphuric add contacted 
with the gaseous mixture is heated to strip 
off the absorbed hydrc^en fluoride. 

8. A method aocordiog to Claim 6 or 7, 
wherein the recovered sulphuric add is re- 
cycled for re-use. 

9. A method according to Oaim 6 or 7 
or to Qaims 6 to 8 wherdn the recovered 
hydrogen fluoride is recycled for re-use in 
the fluorination of halogenated hydrocarbon 
starting matcriaL 

10. A method according to any of Qaims 
1 to 9, wherein the halogenated hydrocarbon 
starting material is a saturated aliphatic halo- 
genated hydrocarbon. 

11. A mediod according to Qaim 1 sub- 
stantially as hei'dnbefore described. 

REDDIE & GROSE 
Agents for the Applicants, 
6, Bream^s Buildings, 
London, £.G4. 
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1 SHEET '^'^ drawing is a rtproiiuctlon of 
the Original 6n o reduced scale 
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